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Method for making uniformly sized particles from water-insoluble organic compounds. 



© The invention involves a method for making uniformly 
sized particles from water-insoluble drugs or other organic 
compounds. First, a suitable solid organic compound is 
dissolved in an organic solvent, and the solution can be 
diluted with a non-solvent. Then, an aqueous precipitating 
liquid is infused, precipitating non-aggregated particles with 
substantially uniform mean diameter. The particles are then 
separated from the organic solvent. Depending on the 
organic compound and the desired particle size, the para- 
meters of temperature, ratio of non-solvent to organic 
solvent, infusion rate, stir rate, and volume can be varied 
according to the invention. 
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ING UNIFORMLY SIZED PARTICLES 



FROM WATER-INSOLUBLE ORGANIC! .COMPOUNDS 



BACKGROUND OF THE INVENTION ' ' * 
Particles of compounds having low water-solubility 
are commonly used in a wide variety of applications, including 
ceramics, paints, inks, dyes, lubricants, pesticides, 
insecticides, fungicides, fertilizers, chromatography columns, 
cosmetics, lotions, ointments, and detergents* Aqueous 
dispersions of particles are used in many cases to avoid 
hazards such as flammability and toxicity associated with 
organic solvents. Such dispersions typically have a broad 
range of particle size. 

In many cases product performance is improved by 
controlling the particle size distribution. In general, 
smaller particles of a compound will dissolve faster than 
larger particles of the same compounds. Control of particle 
size is, therefore, important in controlling the rate of 
solubilization. 

Many drugs have been formulated as particles for 
controlled-release following oral administration or, 
. implantation.. Particle size is one important factor affecting 
.the release rate of these drugs. Those skilled in the *irt can 
discern other examples for using particle size to control 
product performance for the substances listed above. 

Drugs that are insoluble in water can have 
significant benefits when formulated as a stable suspension of 
particles of less than three microns diameter. In this 
particulate form, the drug can be injected intravenously, 
; circulate in blood, and be preferentially accumulated in, for 
example, the reticuloendothelial system, where it can 
facilitate normal reticuloendothelial functions such as 
detoxification. Alternatively, the drug can reside in the 
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reticuloendothelial cells where it is stp-red -until solubiliEed \ 
or metabolized into an active form which circulates in blood" 
to other tissues for efficacy. This "slow" release of active j 
drug can provide more constant drug concentrations in plasma 
over a period of hours, days, weeks, or months, resulting in 
improved therapeutic efficacy. Biodegradable particles which 
are radiopaque or labelled with a radioisotope are useful for 
diagnostic imaging of organs, such as liver and spleen, with 
high concentrations of fixed reticuloendothelial function. 

Many advantages have already been recognized for 
insoluble particulate radiopaque contrast media, for example, 
as explained in "Improvement ' in Radiographic Contrast Media 
Through the Development of Colloidal or Particulate Media: an 
Analysis", by Harry W. Fischer, Journal of Theoretical 
Biology , 67: 653-670 (1977). More recent papers on this 
subject include Yiolante, M. R. , Fischer, H. W., and Malum ey, 
J. A., "Particulate Contrast Media," Invest. Radiol. , 15: S329 
November-December 1980; and Violante, M. R. , Dean, P. B., 
Fischer., H. V., and Mahoney, J. A., "Particulate Contrast 
Media for. Computer Tomographic Scanning of the Liver", Invest. 
Radiol. , 15 : 171 November-December 1980. - 

There are enormous medical implications for the 
intravenous administration of drugs formulated as suspensions 
of particles of three microns diameter, or less, which can b* 
accumulated by phagocytic cells and slowly solubilized for 
sustained release into plasma for circulation to other organs 
"'• and tissues. Obvious drug classes appropriate for formulation 
' as particulate suspensions include: antineoplastics, 

antimicrobials, antivirals, anticoagulants, antihypertensives, 
antihistamines, antimalarials, male and female contraceptives, 
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antiepileptics, depressants and antidepressants, 
adrenocortical steroids, hormones and hormone antagonists, 
cardiac glycosides, immunosuppressants, beta-blockers, water- 
insoluble vitamins, sympathomimetics, hypoglycemic agents, 
hyperglycemic agents, analgesics, tranquilizers, mood altering 
drugs, and others. The treatment of deficiency diseases, 
alcohol abuse, drug abuse, and many others could be improved 
with intravenous administration of particulate suspensions of 
the appropriate drug. Other medical applications for 
particulate drug suspensions will be apparent to those skilled 
in the art. 

Accurate control of particle size is essential for 
safe and efficacious use of these formulations. Particles 
must be less than three microns in diameter to safely pass- 
through capillaries without causing emboli. -This is critical 
' for intravenous administration since the particles must pass 

through lung capillaries before reaching the fixed 
, reticuloendothelial cells of liver and spleen. Restriction to 
"particle diameters of 0.01-0.1 micron could result in 
: -' selective accumulation of these particles in certain tissues, 
eg., neoplastic tissue, where capillaries are somewhat more 
porous than capillaries of normal tissues. Suspensions of 
particles with diameters greater than 10 microns could be 
useful for selective intra-arterial administration to 
purposely embolize vessels feeding abnormal tissue such as a 
. neoplasm. Accurate and precise control of particle diameters 
; is essential for efficacy while minimizing or avoiding adverse 
' effects in each of these applications. 

Conventional methods of making water-insoluble 
compounds produce particles of many different sizes, many of 
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which are unsuitable for the purpose at hand. Mechanically 
sorting or Separating a desired particle size fro- a mix of 
sizes is difficult and unsatisfactory. Centrifuging and 
filtration do not produce high yields of particles that are 
all precisely the same desired size. 

Investigations of water-insoluble radiopaque 
contrast materials required uniform particles in specific . 
sizes that were very difficult to obtain by conventional 
methods. Precipitation as a way of directly forcing particles 
„f a predetermined size was then Investigated. Partial 
success was achieved with one material and one method as 
reported in -Particulate Contrast Media- . Investigative 
Ra dlolo S y , 15: S329 November-December 1980; but this method. 
1 would not work with other materials and would not allow 

accurate variation and control of the partide size produced. 

Further Investigation led to the invention of this 
application, which is effective with any. drug or other 
" compound having a solubility in water of -preferably less than 
. one part per ten thousand to obtain a predetermined particle 
" size of the water-insoiuble drugs or other compounds used in 

21 aqueous dispersions. 

SUMMARY OF THE INVENTION 
The invention involves a method of making uniformly 
sized particles of a solid, water-insoluble organic compound 
by, first, preparing a solution of the solid organic compound 
in a water-miscible organic solvent for the compound, the 

4.«.iw little aqueous solubility; second, 
compound having essentially little aque 

, nUatinK liquid into the solution at 

• infusing an aqueous precipitating nq 

a temperature between about -10'C and about 100'C and at an 
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£Ub stantlall, non-aggregated particles wit, a substa 

article diameter selected rrom the range of 
uniform mean particle u directly 
than about ,0 microns. - «-t - particle si« 1= 
rel ated to the solution temperature and inverse!, relat- 

* then separating the particles from the 
Infusion rate, and then sepa a 

org anic lipids and washing in aqueous washing liquid. 
Citation of toe solution being Infused with 

liqu id is preferred. «• -» - — W 8t ;":7• 
' binin* two streams of liquid, by the infusing 

shaking, oombining two si 

» -k„invies known to those skilled in tne 
itself and by other techniques kno 

, ..-___♦-«. 0 f the invention, 

In preferred embodiments oi 

rotating liquid is added to the 
additional aqueous precipitating 

pension before the particles are separated from th ««- 
SO ! ents/ Separation can he accomplished, for » 
eentrifugation, membrane filtration, reverse osmose, or o.n.. 

Beth0dS ' The aqueous washing li.uid can be the same as the 
■ • umiid and it can be pharmaceutically 

aqueous precipitates liquid, ana 

acceptable for injecting into a patient. 

^ rotating liquid can be water, a 
The aqueous precipitating x H 

i «it or a surfactant solution, 
solution of a mineral salt, or a 

, v*nt solutions include 5* polyvinyl 
Suitable aqueous surfactant soiuwo 

r ™ 0 1% polyvinyl pyrrolidone C-15, «• 
Dvrrolidone C-30» P UJ -* „ 

• PY . 0 r P1U ronic F-68 (poloxamer 188), and 0.33. 

serum albumin, 0.1. Pluron 
' 8 elatin. alone or combined with 0.6, hetastarch, 0 0, 
propylene glycol, or « sucrose. The aqueous preclpita-g 
liq nid can be infused through a needle of standard gauge. 
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- e mean particle diameter of the particles cao be 
up to a, O ,:"-.0 Microns, preferably in a range of 0.01 — 
to about 5 microns. 

. 4.-, this invention wil-L 
Particles made according to mis 

distribution with a maximum 
typically have a particle size distrib 

, t 4 «r *0l for example 95? of the 
relative standard deviation of 50%, ior 

of 1 0 micron will be within the 
particle having a mean size of 1.0 mi 

size range of 0.5 to 1.5 microns. 

The solid organic compound has, preferably, an 
aqueous solubility of less than about one part per ten 

„ ma v be organo-metallic. Generally, 
thousand, and the compound may be org 

a meets the other requirements of the 

any compound that meets 

invention is suitable, including many drugs. 
com? lexes are used, no surfactant is necessary. 

rne organic solvent can be dimethyl sulfoxide, 
• dim ethyl formamide, K -dimethyl acetamide, phenol, 

isopropanol, or other solvents. - , „ 

J lament the method includes the 
In a preferred embodiment, me 

" solvent liquid *uch that the ~«. of non-solvent to 

^.between - — Me 

or 8 anic so tot ion and before the infusion step, - tnat the 

• directly related to the ratio of non-solvent 

particle size is direct 

to solvent. „ -n- * 

In further preferred embodiments, the non-solwn. _ 

one in which the or S anic compound is slishtly more soluble 
than in water. .he non-sol,ent can be a lower aliphatic 

; al ° 0h01 ' in particular preferred embodiments, iodipamide 
ethyl ester, an ethyl ester of a triiodoben.oic acid 
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derivative, 1= "'solved In dimethyl sulfoxide and diluted 
,1th ethanol; if the ratio of ethanol to diethyl sulfoxide Is 
. Ere ater than ahout two, the mean particle diameter Is greater 
th an ahout one micron, and If the ratio of ethanol to dimethyl 
sulfoxide is less than ahout two, the mean particle diameter 

is less than about one micron. 

BBTEF DESC» tptTQN OF THE DRAWINGS 
Figure 1 is a graph of free energy of the various 
phases of the compounds used in the invention. 

Figure 2 is a graph of the relationship between size 

a fi'mp interval between onset and 
distribution of particles end tine interval 

completion of precipitation. 

Figure 3 is a graph of Infusion rate Cml/min.) (of 
Equ eous precipitating liquid) as a function of the product of 
•■ stir rate (rpm) and total volume (liters, of the organic 

solution at a constant temperature-, the relationship: a q ueous 
infusion rat. (ml/»in.) - 23 ♦ 0.11 (stir rate (rpm) . volume 
■•• organic solution (1)1 defines the parameters for production of 
' iodipamide ethyl ester particles of one micron diameter at a 
constant temperature (,-« and in dimethyl sulfoxide/ethanol; 

Figure » is a graph showing iodipamide ethyl ester 
" particle size as a function of temperature at a constant 
ratio of infusion rate of aqueous precipitating liquid to 
[stir rate (rpm) * volume of organic solution] , 

Figure 5 is a graph demonstrating the effect on 
particle size of varying the infusion rate of aqueous 

. . „„ ef ., nt te-oerature and stirring rate 

\. precipitating liquid at constant te-pera 

''. of an iodipamide ethyl ester solution; and 

Figure 6 is a schematic diagram of preferred steps 

in the inventive method. 
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., T .„.r C PESCBIPT ' ™ ^VEHTIOK 

This invention concerns the preparation of water- 
insoluble compounds as uniform particles of a predetermine* . 
si«. The particles are formed b, a carefully controlled 
precipitation of the compound into an aouaous phase fro. an 
organic solvent in which the compound is soluble. . 

The physical chemical principles thought to be 
involved in this invention are demonstrated in figures , and 
2 Figure 1 shows that the free energy of the system is 
M gher when the compound is dissolved in the organic solvent 
than when the compound exists in the particulate or 

. ». Burine precipitation the compound will 
crystalline state. During P 

v <■,> the crystalline form—the lowest free 
naturally convert to the crysi 

ene-gy state-unless it is trapped in the metastable 
' particulate form, a condition where its free energy is 

int ermediate between the solution and the crystalline phases. 
When properly practiced, .this invention enables the trains 
.' of a compound in the metastable particle state, precluding 
; transformation to the' crystalline state. 

Tn. size distribution of particles formed during 
precipitation can be correlated with the time interval between 

• rotation. As shown in Figure 2, 

onset and completion of precxpitatn.cn. 

a very short time interval results in the production of 

' ^tie a very long time interval 
uniformly sized particles (A), vhile ve y 

results in a broad particle size distribution (B) . 

, uions D roduce intermediate particle size 
Intermediate conditions proau 

distributions. 

An important parameter for utilization of this 

invention is the aoueous solubility of the compound. The 
invention retires the use of solid organic compounds hav.ng 
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1 essentially little aqueous solubility. We have found that 

2 compounds which have a water-solubility of less than one part 

3 in ten thousand are ideally suited for this technology. 

4 Compounds which are more water-soluble can be used with this 

5 : ! invention; however.,, the higher the solubility the greater the 

6 probability that some of the compound will dissolve in the 

7 aqueous phase and transform to the more stable crystalline 

8 state. Also redissolution in the aqueous phase can lead to a 

9 broadening of the particle size distribution. For these 

10 reasons, we prefer compounds having a water-solubility of less 

11 than one part in ten thousand. 

12 In order to make particles of a uniform and 

13 predetermined size having a solubility of less -than one part 

14 per ten thousand, a solution of the solid organic compound in 
•15 a suitable organic solvent is prepared. The solution may be 

16 diluted with a non-solvent that does not cause the drug or 

17 other compound to precipitate. An aqueous precipitating 
1.8 liquid is also prepared, preferably with a surfactant, in 
.19 sufficient quantity to both precipitate the drug or other 

20 compound and stabilize the resulting suspension of particles 

21 of the compound against aggregation. Water may be used alone 

22 as the precipitating liquid when compounds which do not 

23 aggregate are used. The aqueous solution is infused into the 

24 organic solution under carefully controlled conditions, 

25 including: the rate of stirring of the organic solution, the 

26 rate of infusion of the aqueous solution, the volume of the 

27 '. organic solution and the temperature of the solutions and the 

28 suspension. 

29 In investigations of varying parameters to adjust 

30 for particle size, three usable relationships were discovered: 
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(1) diluting the solution with more of the non-solvent 
produces larger particles, and diluting with less of the non- 
solvent produces smaller particles; (2) higher temperatures of 
the solution during precipitation produce larger particles, 
and lower temperatures of the solution during precipitation 
produce smaller particles; and (3) at a given stirring rate of 
the organic solution, faster infusion rates of aqueous 
solution produce smaller particles while slower infusion rates 
produce larger particles. 

When the precipitation is complete, the uniformly 
sized particles are separated from the liquid and washed to 
remove the organic solvent. In most cases, the particles 
should be separated from the liquid quickly to prevent 
transformation to a crystalline form. 

.. Compounds that are used in the invention -are solid 
organic materials, including organometallic compounds, that 
have a solubility in water of preferably less than one part 
. per ten .thousand. Otherwise the specific compound and its 
purpose, are less important to the way the invention works. 

The first step is to prepare a solution of the 
compound of interest in an organic Solvent suitable for that 
compound. This can occur as the compound is synthesized as a 
dissolved solid, or it can be done by simply dissolving ths 
compound in the solvent of choice. 

The solvent is chosen to suit the compound. For 
example, dimethylf ormamide (DMF) is a solvent for iothalamate 
ethyl ester (IEE) and iosefamate ethyl ester (IFE) , and 
dimethylsulfoxide (DMSO) is a solvent for iodipamide ethyl 
ester (IDE) and IEE. Any satisfactory solvent for the 
compound that is miscible with water can be used. 
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The next step is to dilute the solution with a non- 
solvent that does not cause the compound to precipitate* The 
non-solvent causes greater dispersion of the dissolved 
molecules of the compound in the liquid phase. Greater 
dilution of the solution with non-solvent produces larger 
particles, and less dilution of the solution with non-solvent 
produces smaller particles. 

The non-solvent should not precipitate the compound 
when it is added to the solution. Non-solvents in which the 
compound is slightly more soluble than in water are preferred. 
Lower aliphatic alcohols, such as ethanol, are effective non- 
solvents for solutions of IDE and IEE in DMSO. For the ethyl 
esters of. triiodobenzoic acid, proportions of non-solvent to 
solvent at a ratio of 2 or more can produce 1 to 3 micron 
sized particles (depending on other parameters); and ratios of 
less than 2 can produce sub-micron particles, at least as 
applied to DMSO solutions diluted with ethanol* 

To precipitate the compound from- the solution in a 
■desired particle size, an aqueous solution of a surfactant is 
prepared in sufficient quantity to effect complete 
precipitation of the compound and to stabilize the resulting 
..suspension of particles of the compound against aggregation. 
The surfactant provides the stabilization against aggregation, 
and the water is the precipitating agent* Presence of extra 
surfactant is advisable to ensure stabilization so that 
precipitated particles suspended in liquid do not aggregate, 
forming particles of an improperly large size. While 
surfactants are used in most cases, some compounds appear to 
fora stable, substantially non-aggregated particles without 
the use of surfactants. Examples of such non-aggregrating 



compounds are certain Heparin complexes. 

It is thoueht that particles with relatively high 
surface charge are less likely to require surfactant in the 
aqueous precipitating solution. The surface charge of a 
particle is sometimes referred to as its zeta potential, a 
measurement of charge vhich falls off with distance. There 
may be a threshold zeta potential above which no surfactant is 
needed, but below which, surfactant is needed to keep the 
precipitating particles from aggregating. The zeta potential 
is directly correlated with the polarity or net charge of an 
organic compound. Thus, the need for surfactant in the 
aqueous precipitating solution may be predicted from the 
extent of the charge or polarity of the organic compound 
employed in the method of the invention. For example, heparin 
comlexes are highly charged, and form stable non-aggregated 
particles when precipitated with water. 

Generally, such a theory notwithstanding, empirical 
. methods will suffice; that is, a precipitation may first, be 
performed with water, and . if aggregation occurs, then a 
precipitation in the presence of surfactant is indicated. ■ 
. Surfactants are chosen for their compatibility with the 
compound and their ability to stabilize a suspension of 
compound particles. For work with IEE and IDE drugs, a 
solution of 5? polyvinyl pyrrolidone (C-30), 0.1? polyvinyl 
pyrrolidone (C-15), or 0.1% human serum albumin is preferred. 
Also 0.1$ Pluronic F-68, [Poloxamer 188, a poly Coxy ethyl ene- 
co-oxypropylene) polymer], a 0.33? gelatin, 0.33? gelatin plu: 
0.6? Hetastarch, 0.33? gelatin plus 0.002? propylene glycol, 
and 0.33? gelatin plus 2? sucrose, or other surfacants known 
to' one skilled in the art can be used. 
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To precipitate compound particles in the desired 
sizes, the aqueous solution and the organic solution are 
combined under controlled conditions of temperature, ratio of 
infusion rate to stirring rate, and the proportion of non- 
solvent to solvent in the dispersed solution. 

The precipitation of the compound occurs 
exothermic ally , heating the organic solution and the resulting 
suspension. The temperature of the solution and resulting 
suspension is controlled to achieve the particle size of 
precipitate that is desired. Higher solution temperatures 
during precipitation produce larger particles, and lower 
solution temperatures during precipitation produce smaller 
particles. 

Also, faster infusion rates at constant stirring 
rate of organic solution produce smaller particles, and slower 
infusion rates produce larger particles. 

Figures three to five show the effects on particle 
size .of varying parameters during precipitation of IDE from a 
..DMSO solution diluted with 1 part* solution to 2 parts ethanol 
using an aqueous solution of 5% polyvinyl pyrrolidone at 
different infusion rates and temperatures. 

. FIG. 3 shows that as the volume and stirring rate of 
the organic compound iodipamide ethyl ester and dimethyl 
sulf oxide/ethanol solution are increased, the infusion rate of 
aqueous surfactant solution must be increased proportionally 
as defined by: infusion rate (ml/min.) =23+0-14 [volume 
(liters) x stir rate (r.p.m.)] to produce particles of 1 
micron diameter at 4°C. 

FIG. 4 shows that at a constant ratio of infusion 
rate to [stir rate x volume], increased precipitation 
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1 temperature produces larger particles. 

2 FIG. 5 plots 3 points from the 20" C temperature line 

3 of FIG. 3 for rate of infusion f the precipitation liquid 

H .; into the organic solution to approximate the curve by which 

5 j! larger particles are formed from slower injection rates, 

6 jj showing that at a constant ratio of temperature .to [stir rate 

7 x volume], particle size is inversely related to the rate of 

8 ! infusion of the precipitating liquid. 

9 When FIGS. 3-5 are considered together, they show 

10 clearly that higher temperatures and slower mixing rates 

11 ' produce larger particles, and lower temperatures and faster 

12 : mixing rates produce smaller particles. Another parameter 

13 that can. be varied to affect particle size is the amount of 

14 ! dilution of the solution before precipitation occurs. 

15 When the precipitation is complete, extra aqueous 

16 ... surfactant solution can be added to further stabilize the 

17 •.. suspended particles against agglomeration. The extra solution 

18 "« can be added at a rapid rate, since essentially all the 

19 compound is now precipitated in uniformly sized particles. " 

20 The precipitated particles are promptly separated from the 

21 ' organic solvents to prevent redissolving and reprecipitation 

22 of particles at undesirable sizes. Centrifuging is a 

23 preferred way to perform the separation. Other methods, 
2U including membrane ' filtration, reverse osmosis, and others 

25 known to persons skilled in the art may also be used to remove 

26 : undesired substances. Promptly after separating the particles 

27 \. from the organic liquid, the particles are washed or rinsed 

28 ' with normal saline solution to remove solvent and excess 

29 surfactant. 

3 0 The method of the invention is illustrated by the 

- m - 
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following examples which, however, do not limit the inventioi 
as described above and set forth in the claims. 

Examples 1 to 19 are presented in Table I. The 
solid organic compound was dissolved in the organic solvent 
and then diluted (except where indicated) by the non-solvent 
The aqueous precipitating liquid was then infused through a 
needle at the given rate into the solution, at the given 
temperature and while stirring at the given stirring rate. 
The size of the particles obtained is shown for each example 



t 
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Table la 



Example Example 
. 1 2 



1. solid organic 10 mg 2,2- f ll,U»,-tetra- 1.H mg RS nitro- 

compound hydroxybenzophenone cellulose compound 

\ i/t SeC/ 



2. 


organic 
solvent 


0.2 ml dimethyl 
sulfoxide 


0.2 ml dimethyl 
sulfoxide 


3. 


non-solvent 


0.2 ml ethanol 
(99?) 


0.2 ml ethanol 
(99?) 




aqueous 

precipitating 

liquid 


5 ml human serum 
albumin (0.1?) 


5 ml human serum 
albumin (0.1?) 


5. 


infusion rate 2.5 
(ml/min. ) of 
precipitating liquid 


2 


6. 


stir rate (rev./n&n) 200 
of solution 


H00 


7. 


temperature of 
solution 


20'C 


20°C 


8. 


particle 
diameter 


0.5 micron 


* 0.5 micron 



< 

1 ' 






Table lb 
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2 






Example 
3 


Example 
4 




1. 


solid organic 
compound 


7 rag RS nitrocellulose 
(1/4 sec.) 


10 mg progesterone 


5 * : 

6 ; 
7- ! 

8 

9 

10 

1 1 
i i 

12 


' 2. 


organic 
solvent 


0.4 ml dimethyl 
sulfoxide 


0.2 ml dimethyl 
sulfoxide 


: 3. 


non-solvent 


0.01 ml isopropanol 


0.2 ml ethanol *(99?) 


■ 1 
4. 


aqueous 

precipitating 

liquid 


5 ml human serum 
albumin (0.1?) 


5 ml human serum 
albumin (0.1?) 


5. 


infusion rate 2.5 
(ml/min.) of 
precipitating liquid 


2.5 

(through an 18 gauge 
needle 


6. 


stir rate (rev./min) 200 
of solution 


200 


13 
14 
15 


7. 


temperature of 
solution 


20°C 


20°C 




particle ■ 
diameter 


0.5 micron 


1 micron 


16 






Table 1c 




17 :.. 


* ; * 




Examole 
5* 


Example 
6 


18 
1 9 


. 1- 


solid organic 
compound 


5240 mg iosefamate 
ethyl ester 


* lOg iothalamate 
ethyl ester 


20' 

21 
22 


2. 


organic 
solvent 


' 60 ml dimethyl 
sulfoxide 


32 ml dimethyl 
sulfoxide 


3. 


non-solvent 


20 ml ethanol 
(99?) 




23 
24 


4. 


aqueous 

precipitating 

liquid 


400 ml polyvinyl 
pyrrolidone 
C-15 (5?) 


800 ml polyvinyl 
pyrrolidone 
C-15 (5?) 


26 


5. 


infusion rate 3 
(ml/min.) of 
precipitating liquid 


300 


27 

28 

29 




stir rate (rev./min) 200 
of solution 


300 


7. 


temperature of 
solution 


20*C 


0-2° C initial 
40°C final 


30 


8. 


particle 
dianeter 


1.0 micron 


1.0 micron 



-17- 
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Table Id 







Example 
7 


Example 

o 
o 




1. 

- 


solid organic 
compound 


100 mg beta-2,3,6 
triod-3-dimethyl 
formamidino-phenyl 
propionic "acid ethyl 
ester 


100 mg beta-2,3,6 
trioa— jr- ounewnyi 
formamidino-phenyl 
propionic acid ethyl 
ester 




2. 


organic 
solvent 


2.0 ml dimethyl 
sulfoxide 


2.0 ml dimethyl 
sulfoxide 




3. 


non-solvent 


2,5 ml ethanol 
(99?) 


2*5 ml ethanol 
(99?) 





4. 


aqueous 

precipitating 

liquid 


25 ml Poloxamer 188 25 ml human serum 
a poly (oxyethylene- albumin (0,1%) 
co-oxypropylene) poly- 
mer (Pluronic F-68)(0.1?) 




5. 


infusion rate 750 
(ml/min.) of 
precipitating liquid 


750 




6. 


stir rate (rev./min) 650 
of solution 


650 




7. 


temperature of 
solution 


. 10*C 


10°C 




8. 


particle 
diameter 


0.1 micron 


0.1 micron 
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Example 
9 


Exampl 
10 


1- 


solid organic 
compound 


100 mg beta 2,*l,6-triiod 
3-dimethyl fonnanadxno 
phenyl propionic acid 
ethyl ester 


- 120 mg iodipamide 
ethyl ester 


2. 


organic 
solvent 


2.0 ml dimethyl 
sulfoxide 


2.0 ml dimethyl 
sulfoxide 


3. 


non-solvent 


2.5 ml ethanol 
(995) 


2.5 ml ethanol 
(99%) 




aqueous 

precipitating 

liquid 


25 ml polyvinyl 
pyrrolidone 
C-15 (0.1?) 


5 ml polyvinyl 
pyrrolidone 
C-15 (0,1?) 


5. 


infusion rate 750 
(ml/min.) of 
precipitating liquid 


300 


6. 


stir rate (rev./min) • 650 
of solution 


80 


7. 


temperature of 

solution 


10°C 




.8- 


particle 
diameter 


0,1 micron 


' • 0.1 micron 



0169618 



Table If 






Example 
11 


bxampxe 

12 


1. 


solid organic 

COIupuunu. 


1200 mg iodipamide 
ethyl ester 


120 mg iodipamide 
ethyl ester 


2. 


organic 
solvent 


20 ml dimethyl 
sulfoxide 


2.0 nil dimethyl 
sulfoxide 


3- 


non-solvent 


25 ml ethanol 
(99?) 


2.5 ml ethanol* 
(99?) 


«. 


* aqueous 
precipitating 
liquid 


50 ml polyvinyl 
pyrrolidone 
C-15 (0.1?) 


5.0 ml polyvinyl 
pyrrolidone 
C-15 (0.1%) 


5. 


infusion rate 19 
(ml/min.) of 
precipitating liquid 


2 


6. 


stir rate (rev./min) 190 
of solution 


200 


7. 


temperature of 
solution 


10°C 


10°C 



8. particle 
diaseter 



1.5 micron 



• 
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Example 
13 



Example 
14 



1. solid organic 
compound 



2. organic 
solvent 



120 mg iodipamide 
ethyl ester 



10 mg isopropyl 
pyrrolizine derivative 
(NSC-278214) 



2.0 ml dimethyl 
sulfoxide 



0-4 ml dimethyl 
sulfoxide 



3. non-solvent 



4. aqueous 

precipitating 
liquid 



2.5 ml ethanol 
(99?) 



25 ml polyCoxyethylene 
co-oxypropylene) 
polymer, Poloxamer 
188 (Pluronic F-65) 
(0.1?) 



5 ml human serum 
albumin (0.1?) 



infusion rate 
(ml/min.) of 
precipitating liquid 



750 



20 



6. stir rate (rev. /rain) 700 
of solution 



300 



7. temperature of 
solution 



•o*c 



17°C 



8. particle 
diameter 



0.1 micron 



0.5 micron 
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2 

3 
4 



Table Pi 



7 
8 
9 

10 
11 
12 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 
25 
26 

27 
28 

29 
30 




1. solid organic 
compound 



10 mg isopropyl 
pyrrolidine 
derivative 
(NSC-278214) 



10 mg isopropyl 
pyrrolizine 
derivative 
(NSC-278214) 



2. organic 
solvent 

3. non-solvent 



4. aqueous 

precipitating 
liquid 



0.4 ml K,N« -dimethyl 
acetanide 



20 ml human serum 
albumin (0.1?) 



0.4 ml dimethyl 
sulfoxide 

0.2 ml ethanol 
(99?) 

20 ml human serum 
albumin (0.1?) 



5. infusion rate 
(ml/mi n.) of 
precipitating liquid 



38 



6. 
7- 



stir rate (rev./min) 
of solution 



50 



temperature of 
solution 



0*C 



- 22 



100 



200 



0°C 




0169618 



Table Ii 







Example 
17 


Example 
18 


1. 


solid organic 
compound 


1.5 mg. 1,2 diamine- 
cyclohexane xnalinate 
platinum (II) 


10 mg K-(trifluoroacetyl) 
adriottycin 14 valerate 


2. organic 
solvent 


0.05 ml phenol 


0.2 ml dimethyl 
sulfoxide 


3- 


non-solvent 


0.45 ml m-amino- 
phenol and 0.25 nil 
ethanol (99?) 


0.2 ml ethanol 
(99?) 


4. 


aqueous 

precipitating 

liquid 


5 ml huraan serum 
albumin (0.1?) 


5 ml human serum 
albumin (0.1?) 


5. 


infusion rate 5 
(ml/min.) of 
precipitating liquid 


2.5 


6. 


stir rate (rev./min) *200 
of solution 


200 


7. 


temperature of 
solution 


20*C 


20°C 


. 8- 


particle 
diameter 


- 0.1 micron 


1.0 micron 



I? 



7 
8 
9 

t 

.2 
13 
1M 
15 
16 
17 ' 
18 
19 
20 
:1 
22 
23 
24 
25 
26 

27 
28 

29 
30 
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Table IJ 



1. solid organic 
compound 



Example 
19 

200 mg heparin-benzal- 
koniura chloride 
complex 



"Example 
20 

10 mg organic compound* 
(see list) 



2. organic 
solvent 



10 ml isopropanol 



0.2 ml dimethyl 
sulfoxide 



3. non-solvent 



4 . aqueous 

precipitating 
liquid 



200 ml water 



0.2 ml ethanol 
(99*) 

5 ml human serum 
albumin (0-1?) 



infusion rate 
(ml/min.) of 
precipitating liquid 

stir rate (rev./min) 
of solution 



3-7 



300 



2.5 



250 




8. particle 
diaioater 



*norethisterone, 
acetyl salicylic acid, 

SpSS-tridodecyl nethyl ammonium chloride 
sulfamethoxazole , 
cephalexin, 
prednisolone acetate, 
diazepam, 
clonazepam, 
methadone, 
naloxone, 
disulfiram,^ 
nercapt ©purine , 
digitoxLn, 
primaquine, 
mefloquine, 
atropine, 
scopolamine, 
thiazide, 
furoseaide, 
propanelol , 
methyl methacrylate, 
• poly methyl methacrylate, 
5-fluorodeoxyuridine , 
cytokine arabinoside, 
acyclovir, 
levonorgestrel 



complex, 



- 24 - 
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Examples 1 to 19 show how the process can be used to 
produce aqueous dispersions of a wide variety of compounds 
that have low aqueous solubility and for which particle size 
can be controlled with substantial precision and 
predictability. Conditions would be varied from compound to 
compound according to the invention in order to optimize 
results. -This may in some cases include chemical modification 
of the compound to achieve the desired solubility. 

Because of the range of examples presented above, it 
is reasonable to one skilled in the art, that numerous other 
compounds would be expected to behave in similar fashion. 

Example 20 is also presented in Table I. This 
example should be performed in the same manner as examples 1 
to 19, and would make particles of the listed compounds within 
the scope of the invention. 

Examples .21 to 28 are presented in Table II. In 
each example, the given quantity of iodipamide ethyl ester was 
dissolved in the given volume of dimethyl sulfoxide, -then 
diluted with the given volume of ethanol. The aqueous 
precipitating liquid was prepared from polyvinylpyrrolidone 
then infused at the given infusion rate through a needle with 
the given gauge into the solution while the solution was 
stirred at the given stir rate. The precipitation was carried 
out in the given vessel at the given temperature. After 
precipitation, the given amount of saline was added to further 
stabilize the dispersion. In each example, the mean particle 
diameter was about 1.0 micron and substantially uniform. 
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TABLE Ila 

Parameters for Iodipamide Ethyl Ester Particle Precipitation 





Example 21 


Example 22 


Example 23 


Material 


0.5 gm 


1 gm 


2 gm 


iodipamide ethyl 
ester (60 mg/ml 


10 ml 


20 ml 

• 


40 ml 


ethanol (99?) 


12.5 ml 


25 ml 


50 ml 


polyvinyl 
pyrrolidone 


25 ml 


50 ml 


100 ml 


0.9? saline 


15 ml 


30 ml 


60 ml 


stir rate 


125 rpm 


190 rpm 


300 rpm 


temperature 




Jj-C 




■j nfi on t* a 


1 1 ml /rrn ti 

1 1 III l 9 All H 1 


1Q tnl /rrn n 
■ ^ *** 1 1111 * * 




infusion 
needle size 


19 g 


19 g 


19 g 


S.B. length 


1.5 n 


1.5 n 


1.5" 


vessel diam. 


2.38 M 


2-38" 


2.38" 


vessel 


250 ml 


250 ml 


250 ml 




polypropylene 
bottle 


polypropylene 
bottle 


polypropylene 
breaker 
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TABLE lib 

Parameters for Iodipamide Ethyl Ester Particle Precipitation 





Example 2U 


Example 25 


Example 26 


Material 




5 em 


10 gm 


iodipamide ethyl 
ester (60 mg/ml) 


70 ml 


100 ml 


200 ml 


ethanol (99?) 


87-5 ml 


IOC ml 


5cn ml 

CZjKJ ULL 


polyvinyl 
pyrrolidone 


175 ml 


250 ml 


500 ml 


0.9? saline 


105 ml 


1DU ULL 


^no ml 

jUu uLL 


stir rate 


330 rpa 


zuu rpol 




temperature 








infusion rate 


M5 ml/min 


60 ml/min 


85 ml/min 


infusion 
needle size 


19 g 


18 g 


18 g 


S.B. length 


1.88" 


2.75" 


2.75" 


vessel diam. 


3-38" . 


5.0" 


5.0" 


vessel ■ 


■ 1,000 ml 


2,000 ml 


2,000 nl 




glass 
beaker 


glass 
beaker 


glass 
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5 

6 

7 
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15 

16 
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TABLE lie 

Parameters for Iodipamide Ethyl Ester Particle Precipitation 





Example 27 


Example 28 


Material 


20 gm 


40 Km 


iodipamide ethyl 
ester (60 mg/ml) 


400 ml 


800 ml 


ethanol (99?) 


500 ml 


1,000 ml 


polyvinyl 
pyrrolidone 


1,000 ml 


2,000 ml 


0.9? saline 


600 ml 


1,200 nil 


stir rate 


175 rpm 


210 rpn 


temperature 






infusion rate 


120 ml/ndn 


175 ml/ndn 


infusion 
needle size 


16 g 


16 g 


S.B. length 


3-25" 


3.25" 


vessel diam. 


. -.8.6" 


8.6" 


vessel 


9 L 


9 L 




Bellco 
vessel 


Bellco 
vessel 



- 28 - 



28 

2S 
30 



(9618 

EXAMPLE 29 




reticles of iodipamide ethyl ester (IDE) with a 
.U. of about 1 micron may be prepared for administration to a 
patient. I»E 1= the water-insoluble ethyl eater of 
iodipamide, a water-soluble radiopa,ue compound used 
clinically for radiographic examination of the gallbladder 
The synthesis of iodipamide ethyl ester is Known in the art 
(for example, esterifioation by alcohol and add or hy a 

Sehotten-Bauaan reaction). 

• • -n v soluble in water (10 M) and 
IDE is only minimally soiuDie a 

, easily from the dimethyl sulfoxide 

can be precipitated easily iro 

(OHS o)/ethanol solvent fixture. However, the simple add-on 
of „ater to this solution results in H» particles with 
e%My rough contours, these particles vary in si*e fron 

.„„„ to „eater than .300 microns in diameter, 
less than one micron to g. ea<-=i 

in light of the problem that rough contours could damage ^ 
ocular endothelial cells and promote aggregation, and. tha. 
la rge particles could create pulmonary emboli, the method o. 
... th is invention provides a more refined procedure for 

controlling particle size and shape. 

„■.,,.!. P recipiM tio°^edure. Physical methods 

ror modifying and controlling particle sise, such as hall 
milling, grinding or sonioation result in preparations w,th 
very hroad range- of particle diameters. These methods are 
. commonly used to eliminate large particles (greater than »-5 

v 1-5,0 \n the pulmonary capillary De- 
microns) which could embolize in the p 

= rlKcles of submicron size are also 
•' but generally some particles 01 

-n oarticles have been shown to be 
produced; these very small par.icie 
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» ,o than 1-2 micron particles, possibly W to 

mOPe 4 i 1 res-tin, fro, the much Xarger 

in0re " >i herent with particXes of smaller diameters, or 
surfa ce area in. ^ ^ 

PO " lbly leLai Precipitation procure for producing 

■ M ! s of a 8 i«n .1» « developed to avoid these- 

particles of a s-^ ^ 1vvinvl 
M ■ B v addins an aqueous solution of polyvinyl 

proMe* . W at cont rolled rates and temperatures, to X« 

spherical, enoiy --..fciele 

size distribution. For a particle 
extremely narrow size 

» mean diameter of 1 micron, the vo 
preparation with a mean di 

0 H to 2.0 microns with P« 
of particle diameters i - d 1>5 microns , 

*n csize between 0.5 a- na 1 
of the particles ranging in size 

a L fir , ffl ^^ by microscopy. 
as determine- by . preC ipitation parameters, 

By carefully controlling prec y 
* • *4 . Afferent mean diameters 

• article preparations demonstrating different 

particle pre? diame ters f • can be 

but with a similarly small range 
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« , rt<srt usinE this methodology 
The IDE particles produced using * 

A uttle apparent tendency tow 

are stahle in whole hloo l.t > ^ ^ 

negation. *hen suspended i w ^ 

essentially no tendency for on^ ^ ^ 

aggregate with themselves or with 

The IDE particles have smooth contours. 
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WE CLAIM: 

1 . A method of making uniformly sized particles of 
a solid, water-insoluble organic compound, comprising: 

(a) preparing a solution of the solid organic 
compound in a water-miscible organic solvent for the 
compound, the solid organic compound having essentially 
little aqueous solubility; 

(b) infusing an aqueous precipitating liquid into 
the organic solution at a temperature between about -10'C and 
about 100-C and at an infusion rate of from about 0.0! ml per 
xnin. to about 1000 ml per min. per 50 ml unit volume of 
solution, so as to produce a suspension of precipitated solid 
organic compound in the form of -substantially non-aggregated 
particles of a uniform size selected from a particle diameter 

.range of up to about 10- microns, the particle size being 
. directly related to the solution temperature during 
precipitation and inversely related to the infusion rate: 
(c) separating the particles from the organic 
' liquids and washing in aqueous washing liquid. . 

2. The method according to claim 1, wherein 

.-^uaMnc liauid is added to the 
additional aqueous precipitating iiquiu 

suspension before the particles are separated. 

3 . The method according to claim 1, wherein the 
■ particles are separated by centrifugation, membrane 

filtration, or reverse osmosis. 
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H. The method according to claim 1, wherein the 
aqueous washing liquid is the same as the aqueous 
precipitating liquid. 

5. The method according to claim 1, wherein the 
aqueous washing- liquid is pharmaceutical^ acceptable for 
injection into a patient. 

6. The method according to claim 1, wherein the 
aqueous precipitating liquid is selected from the group 
consisting of water and an aqueous solution of a mineral salt. 

7. The method according to- claim 1, wherein the 
.aqueous precipitating liquid is a surfactant solution. 

8. The method according to claim 1, wherein the 
precipitating liquid is a surfactant solution selected from . 
the. ..group consisting of 5? polyvinyl pyrrolidone in water; 
0.1? polyvinyl pyrrolidone in water, 0.1? human serum albumin 
in water, 0.1% Pluronic F-68 in water, 0.33? gelatin in water, 
0.33? gelatin and 0.6? hetastarch in water, 0.33? gelatin and 
0.02? propylene glycol in water, and 0.33? gelatin and 2? 
sucrose in water. 

9. The method according to claim 1, wherein the 
aqueous precipitating liquid is infused by means of a needle 
of standard gauge. 

- 32 - 
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10. The method according to claim 1, wherein the 

-i ammeter is selected from the range of from 
mean particle diameter 

aboU t 0.01 micron to about 0.1 micron. 



11. 



The method according to claim 1, wherein the 

*..■■«« selected from the range of from 
- m ean particle diameter is selectee 

ab out 1 micron to about * microns. 



12. The method according to claim 1, vherein the 

~k,«i* 1 to about 10 microns • 
Bea „ particle diameter is from- about 1 

13 The method according to claim 1, wherein the 
soli d organic compound has an ■,«.« solubility of less than 
about one part-per ten thousand at ambient temperature. 

m. The method according to claim 1, vherein the 

j =.-> orEanometalllc compound. 
• olid organic compound is an organom 

15 . The method according to claim 1, wherein the 
„,14 organic compound is selected from the group consisting 
of "a„ antineoplastic, an antimicrohial, an antiviral, an 
anticoagulant, an antihypertensive, an antihistamine, an 
antimalarial, a contraceptive, an antiepileptic, a depressant, 
an antidepressant, an adrenocortical steroid, a hormone, a 
hormone antagonist, a cardiac glycoside, an immunosuppressant, 
a heta-hloocer. a water-insoluble vitamin, a sympathetic , 

• ,„„. a hyperglycemic agent, an analgesic, a 
a hypoglycemic agent, a nyp<= a 

tranquilizer, and a mood-altering drug. 

- 33 - 
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T:.-- method according to claim 1, wherein the 
solid orgiiilo compound Is an ethyl ester of a triiodobenzoic 
acid derivative. 

17. The method according to claim 1, wherein the 
solid organic compound is selected from the group consisting 
of iodipamide ethyl ester, iothalamate ethyl ester, iosefamate 
' ethyl ester, 2, 2' ,4 , 4 '-tetrahydroxybenzophenone, RS 
nitrocellulose, progesterone, beta-2,4,6-triiodo-3-dimethyl 
- formaraidinophenyl propionic acid ethyl ester, 
isopropylpyrrolizine derivative (NSC-2782 1*0 , N- 
(trifluoroacetyl) Adriamycin 14 valerate, and 1,2 
diaainocyclQhexane malinate platinum (II). 

18. The method according to claim 1, wherein the 
solid organic compound is selected from the group consisting 
of norethisterone, acetyl salicylic acid, wafarin, heparin- 
tridodecyl methyl ammonium chloride complex, sulfamethoxazole, 
cephalexin, prednisolone acetate, diazepam, clonazepam, 
methidone, naloxone, disulfiram, mercaptopurine, digitoxin, 
primaguine, mefloquine, atropine, scopolamine, thiazide, 
furoseaide, propanelol, methyl methacrylate, poly methyl 
methacrylate, 5-f luorodeoxyuridine, cytosine arabinoside, 
acyclovir, levonorgestrel . 

19, The method according to claim 1, wherein the 
organic solvent is from the group consisting of dimethyl 
sulfoxide, dimethyl formamide, N,N f -dimethyl acetamide, 
phenol, and isopropanol. 



so 



•20. The method according to claim 1, wherein the 
lid organic compound is a heparin complex, the organic 
solvent is isopropanol, and the aqueous precipitating liquid 
is vater or an aqueous mineral salt solution. 

21. The method according to claim 1, which .further 
comprises the step of diluting the organic solution with a 
non-solvent liquid such that the ratio of non-solvent to 
solvent is between about 100:1 and about 1:100, after the 
preparation of the solution and before the infusion step, the 
particle size being directly related to the ratio of non- 
solvent to solvent. 

22. The method accordingto claim 21, wherein the 
non-solvent liquid is one in vhich the solid organic compound 
is slighty more soluble than in water. 

23- I::e method according to claim 21, wherein the 
non-solvent liquid is a lower aliphatic alc6hol. ' 

2U. The method according to claim 21, wherein the 
solid organic compound is selected from the group consisting 
of iodipamide ethyl ester and iosefamate ethyl ester, the 
organic solvent is dimethyl sulfoxide, the non-solvent liquid 
is ethanol, the ratio of ethanol to organic solution is - - 
•- greater than about 2.0, and the mean particle diameter is 
greater than 1 micron in diameter. 



25- 




tethod according to claim 




solid crg.!..Lc compound is selected from the group consisting 
of iodip*-imide ethyl ester and iosefamate ethyl ester, the 
organic solvent is dimethyl sulfoxide, the non-solvent liquid 



than about 2.0, and the mean particle diameter is less than 
about one micron In diameter. 



solid organic compound is iodipamide ethyl ester, the organic 
solvent Is dimethyl sulfoxide, the non-solvent is ethanol, the 
aqueous precipitating liquid is 5% polyvinyl pyrolidone in 
water, the temperature is *J°C, and the infusion rate (ml/min) 
equals 23 + 0.14 [stir rate (r.p.m.)] x [volume organic 
solvent (liters)], and the mean particle diameter is about 1 
micron diameter. 

- 27- The method according to claim 1 wherein the 
mean . particle diameter is selected from the range of from 
about 0.01 micron to about 10 microns. 

28. The method according to claim 1 wherein the 
mean particle diameter is selected from the range of from 
about 0.01 micron to about 5 microns. 

29. The method according to claim 1 wherein the 
particle size distribution has a maximum relative standard 
deviation of 50 percent. 



is ethanol, the ratio of ethanol to organic solution is less 



26. 



The method according to claim 21, wherein the 



30. 



The method according to claim 1 wherein the 
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o'rganio solution is agitated while the precipitating liquid is 
being infused. 
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PARTICLE SIZE AS A 
FUNCTION OF TEMPERATURE 
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